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Abstract
For several years, education has undergone numerous problems, which led researchers to focus on this issue, trying to enable the 
difficulties encountered during the learning process. Research on the Computer-based learning environments (CBLE) aims to 
meet challenges as school failure, dropout and the learners groups heterogeneity. Within the context of a remote collaborative
activity, the tutor is often not able to have a global perception of the virtual class he leads, thus confronting a real problem in 
terms of identification of the groups that face difficulties. The exploitation of interaction traces done by the users in the CBLE 
and the indicators development are able to help tutor monitor the activities of his/her learners. This article presents the researches 
made to this regard and raises the research prospects.
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1. Introduction
Group work remotely is a device comprising a set of resources organized to achieve the objectives of a course or 
a program. This device allows a person to learn relatively independently, with minimum time and travel constraints, 
and support remote resource-persons. To discuss a collaborative online work, it requires that learners are organized 
into small working groups to fulfill their duties in line based on synchronous / asynchronous exchanges. Group 
formation often occurs in a random or according to criteria set by the tutor, this sometimes makes groups not 
homogeneous, hence leading to neglect and isolation of learners during training.
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To remedy the problem of neglect and isolation of learners intergroup, it is necessary to find a student who has a 
dominant personality and influence colleagues to train them and motivate them to do their tasks and work (N. T. 
Nokam, 2011).
2. Method
2.1. Collaborative work
A work can be a collaborative when several students work on the same project until its completion. Online 
collaborative work is a method of teaching that happens via an CBLE and which can be defined as: "An environment 
that integrates human (eg student or teacher) and artificial agents (ie, computer). On one hand, it gives them the 
conditions of interactions, locally or across computer networks, and, on the other hand, conditions to access to 
training resources (human and / or profile) which are either local or distributed" (Tchounikine 2002).
One of the major problems encountered during an online training by the tutor is that she/he is often unable to get 
a global perception of the virtual class she/he leads, thus confronting a real identification problem of the working 
groups difficulties.
A CBLE must provide the teacher or trainerwith accurate information on individual and collective evolution of 
learning, in order to identify and support individuals in trouble to prevent their isolation and abandonment (E. 
Garrot-Lavoue, 2009).
Problem resolution is essentially dependent on the capacity to produce relevant and usable traces of individual or 
collective learning activity, which interacts with A CBLE (L. Settouti and Y. Prie, 2006).
2.2. CBLE and Traces
A trace is a brand left by an activity(General Concept of Trace). In the context of CBLE, traces are data from 
direct observation or which are linked indirectly to the regulation, control, analysis and understanding of the learning 
activity (L. Settouti, 2011).
The notion of trace can have two meanings:
x The history of interactions of a learner using a computer system: The trace is the remaining footprint of the 
activity describing the history and chronology of the interaction of the learner (strict definition).
x The productions he left during his apprenticeship: The trace is called so because of its ability to <retrace> 
interaction, but only because it is a past member that remains from this activity (subjective definition) (K. Lund 
and A. Mille, 2009).
We can define the trace as a temporal sequence of observed. This means that the data temporally situated 
resulting from an activity of observing a digital document can be seen as a computer trace.
x Traces of observation as support for the learner: The observation-based trace allows the learner to analyze its own 
way, to become aware of its activity,to identify its shortcomings and finally to position herself/himself in relation 
to others and share skills.
x Traces of observation as support for the teacher-tutor: Elements of perception of the activity can be used by the 
teacher from the traces that are highly variable and are often linked to the goal of teaching activity during 
observation.
x Traces of observation as support for the designer of the activity: The use of traces allows us to observe and 
monitor the progress of the recommended process, analyze and possibly repost the question.
x Traces for the researcher to interpret the collaborative activity: The approach used to analyze the behavior of 
learners in an individual context as well as in a collaborative learning context.
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2.3. Systems for exploitation of traces
Once traces are obtained (usually stored in files called logs), they go through various stages before being 
analyzed and exploited. There are some systems that facilitate treatment and transformations to achieve more 
relevant traces, which help in the discovery of indicators and patterns of use and design.(T. Djouad, 2008).
Among these, there are the systems based traces (SBT) is a computer system which enables and facilitates the 
manipulation of traces. This system allows you to define different levels:
x Collection service to produce a qualified first trace from active collection (eg, a log file, etc..) And / or passive 
collection sources (eg detector keystrokes, etc.).
x Service query to produce punctual and continuous interrogation traces in the system.
x Transformation service to create qualified trace transformed from one trace or more.
The Kernel is the SBT system kernel and consists of:
x A base of traces that is the set of traces of SBT and their models. It allows permanent storage and access at any 
time to traces.
x A transformation system that allows to change the trace enriching its filtering data, edit the template trace, update 
the database traces following a set of formal rules described in a certain language (transformation model).
x The interrogation system to ask queries based on traces. These queries can involve one trace or more.
x The source tracing is a file or a data stream in any explicit format. It is a resource available at any time in the 
SBT.
x The collection system is a structured set of processes to convert the data trace using the appropriate tools. It 
allows to select sources tracing.
x The visualization system to visualize traces and thus facilitate their analysis and interpretation. It must be able to 
view the traces from transformations.
x The management system is a system that traces ensuring traceability of transformations performs on the traces. 
This includes management models (traces, processing, query).
There are other systems that process and exploit traces, among them SYSAT (SYstem Support for Learners and 
Tutors) whose main objective is to analyze the interactions, to assist the tutor in order to find monitoring of learners 
and groups (I. Oumaira, R. Messoussi, and R. Touahni, 2011).
This system offers an open multi-agent architecture that enables the adaptation of the types of indicators in the 
learning environment. Evaluation of interactions by the tutor based on the results provided by automatic analysis of 
indicators interactions.
The system has five categories of indicators divided into two classes:cognitive indicators and indicators of social 
nature.
x Indicators related to the process of the activity: The "Depth Discussion" indicator provides a traceable 
progression in a forum over time.
x Indicators relating to the content of the activity: Indicators "Productivity learners in the mail", "Productivity of 
learners in the forum" and "Productivity groups" are calculated from data collected in the field and this forum 
based on the number of documents filed by each learner.
x Indicators relating to the quality of the collaboration: The "degree of interactivity learners in the mail" and
"degree of interactivity of learners in the forum" indicators respectively calculate the number of messages 
exchanged in each group by time in the mail and the forum.
x Indicators of the state of relations between learners: The indicator "degree centrality actors" which presents a 
graph of the email exchanges between members of a group. This indicator identifies the individual members, as 
well as those that dominate interactions.
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2.4. Idea and Algorithm
Reconstructing groups remains a problem that has no exact solution or whose solution in a reasonable time 
remains unknown. The aim is to get adapted solutions to this kind of optimization problem. 
A metaheuristic is an optimization algorithm able of solving difficult optimization problems (often from the 
fields of operations research, engineering or artificial intelligence) for which there is no known more effective 
conventional method.
Metaheuristics behave as search algorithms, trying to learn the characteristics of a problem in order to find out an 
approximation of the best solution. 
There are many different metaheuristics, ranging from a simple local research to global research complex 
algorithms. However, these methods use a high level of abstraction, which allows them to be adapted to a wide 
variety of different problems (M. Marmion, 2009).
x Idea :
Let the variable , ,i j kP and P N
 i corresponds to the indicator (i=1,...,l);
 j corresponds to the learner (j=1, ...,m);
 k corresponds to the group (k=1,...n).
Let iC the coefficient of the indicator i. (The coefficient ischosen according to the importance of the indicator).
Let the average of all indicators for a learner definedas follows:
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Let the general average of the indicators for each groupdefined as follows:
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Let the arithmetic average and standard deviation of the groups defined as follows:
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The best algorithm that can solve this problem in order to find a balance in groups is the descent algorithm with a 
neighborhood 2-opts. 
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The idea of this algorithm is to swap learners between groups until the standard deviation of the average of the 
groups tends to 0. The number of neighborhood in this method is n(n-1)/2 and O(n) = 2n .We consider the 
distribution of learners as follows:
Solution  1, , nS a a  such as:  1, , m ka a MG and n is the number of learners.
We consider the neighborhoods  V S of a solution S as follows:
   ^ `1 1 1 1, , , , , , , , , ,i j j i j nV S a a a a a a a      
For each permutation, we calculate the average for each group kMG and the standard deviationV .
Once all the permutations are finished, we look for the solution which has the smallest deviation and we reapply 
the same algorithm to this one. If we do not find a solution that improves the standard deviation found out, we 
suppose that this is the appropriate constitution of groups. Otherwise we repeat the same treatment until there is no 
longer standard deviation which improves the previous solution.
x Algorithm :
Algorithm 1: Descent with a neighborhood 2 opts Algorithm
Generate an initial standard deviation V .
iterationloop.
1) Generate the neighbourhood of  V V ofV .
2) Search 'V that  V V such as    ' minf fV V ,  VV V
3) If    'f fV V So ':V V and go to iteration 1
Else
END
Fig. 1. Descent Algorithm
3. Discussion and Conclusion
The simulation of this algorithm has proven its efficiency in solving this problem.We considered a class of 6 
learners divided into 3 groups. Each learner has a general note considered as the general average of all indicators 
,i jM and each group has a general note kMG .We have N = 6, therefore there will be learners n (n-1) / 2 = 15 
possible solution. For each iteration, the general average for groups kMG and standard deviation V will be 
calculated. We note that the permutation 9 in the figure 2. has a standard deviation that tends to 0 0.81 . As the 
algorithm suggests, we take this solution and we reapply the same algorithm to make sure there's a better solution.
As the figure 3.indicates the permutation 9_6 which has a standard deviation equal to 0. The algorithm stops 
there because there will not be a better solution than this one.So the best constitution of the groups is as follows: 
Group 1 (Learner 1, Learner 4) - Group 2 (Learner 5, Learner 3) - Group 3 (Learner 2, Learner 6).
We have presented in this paper research on remotely collaborative work in Technology for Human Learning 
(CBLE) and the problems encountered by tutors during the learning process. Several systems based traces allow 
proper monitoring of learners within a CBLE and offer several solutions for tutors. A simulation of the algorithm 
above is being implemented with random values of some indicators to test the power and reliability of this 
algorithm.One of the perspectives of our work is to extract the traces of online learning platforms and to develop 
indicators in order to create a system for advising and assisting the tutor out replenish groups work functions of 
stable and variable characteristics of learners.
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4. Results
Fig. 2. First Iteration Loop
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Fig. 3.Second Iteration Loop.
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